Little is known about the classification and bacterial infection in outpatients with eczema and dermatitis in China.
Introduction
Eczema is a common disease characterized by erythema, edema, vesicles, and pruritus. [1] [2] [3] The related histopathological changes include intercellular edema of the epidermis and dermal inflammatory infiltrate of predominantly lymphocytes and macrophages. [4] Eczema is a specific inflammatory reaction of the skin that comprises a set of highly etiologically heterogeneous clinical conditions. [5, 6] The classification of eczema is largely empirical, and in most circumstances, the diagnosis is only based on clinical findings. [7] In clinical practice, eczema is divided into unclassified eczema (UE) and many subtypes of specified eczema.
The incidence of eczema is increasing annually worldwide. A systematic review of 69 cross-sectional and cohort studies confirmed that atopic dermatitis (AD) is now a worldwide phenomenon with a lifetime prevalence of well over 20% in many affluent country settings. [8, 9] Also, the prevalence of current eczema in a Swedish study was 13.5%. [10] It is well-known that eczema and dermatitis are very common in dermatological clinics in China, but we still do not know about its classification and bacterial infection, which has not been reported to date. This survey may have greater significance in clinical practice.
Staphylococcus aureus (S aureus) colonization/infection is a very common and important factor in the pathophysiology of AD. [11] The S aureus colonization rate was higher in AD patients, which might be due to the skin barrier defects [12] and imbalance of immune function. This phenomenon may be not limited to AD, because it has been reported that S aureus colonization rate was higher in non-AD patients. [13] However, the bacterial infection in other types of dermatitis and eczema has not been fully studied. Putting all these together, the purpose of this study was to: investigate the classification and proportion of common type of dermatitis in outpatients of dermatology clinics in China; and to examine possible bacterial infection in these patients and analyze the possible related factors. and municipalities in mainland China, including Guangdong, Chongqing, Hunan, Jiangxi, Henan, Zhejiang, Shanghai, Hubei, Jiangsu, Anhui, Shanxi, Beijing, Tianjin, Shandong, and Liaoning Province, which covered most areas of China (Fig. 1) . All participants provided oral informed consent. This study was approved by the ethics committee of the respective hospitals.
Specific research content
All enrolled patients had completed a specific survey containing questionnaires regarding their general demographic characteristics, disease duration, severity of itching, lesion's distribution, type of skin lesion, and medical history before treatment. Itch was evaluated and divided into 4 levels: no itching; mild itching that interrupted neither daily activities nor sleep of the participant; moderate itching that interrupted daily activities, but not affected sleep; and severe itching that affected both daily activities and sleep of the participant. History of allergic disease, dry skin, infantile eczema, and flexion dermatitis was also recorded. Then the investigators examined the patients and made the clinical diagnosis. Eczema was classified based on International Classification of Diseases (ICD)-10 [14] and diagnosed accordingly based on standard textbooks. [5, 15] Specific types of dermatitis including AD, ICD, widespread eczema, hand eczema, allergic contact dermatitis (ACD), neurodermatitis, seborrheic dermatitis, nummular eczema, asteatotic eczema, photo-contact dermatitis, autosensitization eczema, dyshidrotic eczema, and stasis dermatitis were clinically diagnosed accordingly. The remaining unspecified eczema was diagnosed as UE. [7] 
Secondary bacterial infection criterion
Possible secondary bacterial infection of dermatitis was evaluated clinically. Very likely bacterial infection was considered if pustules, prudent exudation, or yellow colored crust was detected. Bacterial infection was suspected if multiple scratches, oozing, erosion, or ulceration was found. The combination of very likely bacterial infection and suspected bacterial infection is called total bacterial infection or bacterial infection. Our previous study demonstrated that the clinical diagnosis of bacterial infection was correlated well with the laboratory bacterial culture results. In eczema patients with clinical diagnosed very likely bacterial infection, S aureus was isolated in 92.9% patients. [13] No laboratory test was performed for dermatologists to make the diagnosis.
Statistical analysis
Statistical analyses were processed by SPSS software (17.0 version). For continuous variables, the mean ± standard deviation (SD) was used according to the data distribution. The statistical methods included t test, chi-square test, and a correlation analysis. In the correlation analysis, the dependent variable was "total bacterial infection" and the independent variables included Medicine characteristics such as age, disease course, sex (male/female), history of allergic disease (yes/no), history of dry skin (yes/no), itching (mild/moderate/severe), skin lesion distribution, and geographical location (20- 
In the multivariable analysis logistic regression, the dependent variable was "very likely bacterial infection" and the independent variables included characteristics such as age, disease duration, sex, history of allergic disease, history of flexion dermatitis, history of dry skin, history of infantile eczema, and itching. The multicategorical variables were bringing into regression model as dummy variables. Missing data were excluded from the analyses. All the analyses were 2-tailed tests with the significant level of .05.
Results

Demographic characteristics
In all, 9393 patients were screened, of whom 636 cases (6.7%) were excluded because of incomplete information. So, 8758 patients were recruited in the final analysis, including 4435 men (50.6%) and 4323 women (49.4%). The age ranged from 1 day to 91 years (average 33.99 years; SD 16.84 years). The course of disease ranged from 1 day to 54 years (median 1.667 years). Table 1 shows the classification and proportion of each type of dermatitis. The leading subtypes of specified eczema were AD, which was up to 1174 cases (13.4%), followed by irritant dermatitis and widespread eczema (810 cases [9.2%] and 765 cases [8.7%], respectively).
Classification and proportion of each type of dermatitis
Prevalence of bacterial infection
Bacterial infection was found in 52.3% of patients, 17.2% being very likely infection and 35.1% being suspected infection. The bacterial infection rates in each type of eczema and dermatitis are summarized in Table 1 . The 3 leading subtypes with high bacterial infection were widespread eczema (65.7%), stasis dermatitis (61.8%), and AD (61.4%).
The 3 leading subtypes of dermatitis with high suspected bacterial infection were AD (50.1%), widespread eczema (47.3%), and asteatotic eczema (43.5%), and the suspected bacterial infection in AD was the highest compared with other type of dermatitis (P < .05, chi-square test), but no difference with that of widespread eczema (P > .05, chi-square test). The 3 leading subtypes of dermatitis with very likely bacterial infection were autosensitization dermatitis (34.8%), seborrheic dermatitis (23.7%), and stasis dermatitis (23.6%), and the very likely bacterial infection in autosensitization dermatitis was the highest compared with other type of dermatitis (P < .05, chi-square test).
Bacterial infection rate was 71.5% in patients with acute eczema, which was much higher than that of patients with chronic eczema (38.6%) (P < .05, chi-square test), but no difference with those of subacute eczema (P > .05, chi-square test). The very likely bacterial infection rate in acute eczema was also higher than that in subacute eczema and chronic eczema (45.9% vs 36.5; 45.9% vs 8.3%, both P < .05, chi-square test). The very likely, suspected, and total bacterial infection rates in men were significantly higher than that in women (35.3% vs 32.7%, 17.5% vs 15.6%, and 52.8% vs 48.3%, respectively; all P < .05, chi-square test). Age was not associated with the bacterial infection rate. There was also a positive correlation between disease course and bacterial infection rate (R = 0.316, Pearson correlation analysis P < .05).
The most frequently involved body locations were leg (26.2%), upper limbs (23.6%), thighs (21.6%), hands (20.7%), and face (19.6%). As the number of involved body locations (range 1-10) increased, the bacterial infection rate increased significantly (R = 0.745, Pearson correlation analysis P < .05) (Fig. 2) .
The bacterial infection rates in patients with no itching, mild itching, moderate itching, and severe itching were 29.3%, 35.7%, 53.6%, and 73.8%, respectively. As the itching severity increased, the suspected and total bacterial infection rates increased significantly (R sus = 0.967, R tot = 0.978, Pearson correlation analysis P < .05).
The incidence in patients with disease history of allergic disease, dry skin, infantile eczema, or flexural dermatitis were 14.36% (1285/8758), 21.57% (1889/8758), 9.35% (819/8758), and 10.03% (878/8758), respectively. The patients who had history of allergic disease had higher very likely, suspected, and total bacterial infection rates than those patients without it Table 1 Classification and proportion of each type of dermatitis (%) and bacterial infection rate (%). Thirty-nine hospitals were divided into 5 groups based on their latitude: those located in latitude 20°01' to 25°N was Guangdong Province; latitude 25°01' to 30°N included Chongqing, Hunan, and Jiangxi Provinces; latitude 30°01' to 35°N included Henan, Zhejiang, Shanghai, Hubei, Jiangsu, Anhui, and Shanxi Provinces; latitude 35°01' to 40°N included Beijing, Tianjin, and Shandong province; and latitude 40°01' to 45°N included Liaoning Province. The bacterial infection rates in the lowest latitude region were higher than that in the highest latitude region (73.3% vs 58.9%; P < .05, chi-square test). As latitude decreased and average temperature increased, the suspected bacterial infection increased observably (R sus = À0.9, nonparametric correlation analysis P = .037). In terms of severity of the infection, the patients in low latitude may be less severe than that in high latitude (R sus/tot = À0.9, R ver/tot = 0.9, nonparametric correlation analysis P = .037) ( Table 2) .
The multivariable analysis logistic regression of very likely bacterial infection
In multivariable analysis logistic regression of very likely bacterial infection, the independent variables included characteristics: age, disease duration, sex, history of allergic disease, history of flexion dermatitis, history of dry skin, history of infantile eczema, and itching. The probability of very likely bacterial infection in eczema outpatients was 96.9% of those outpatients who were 1 year younger (odds ratio [OR] 0.969, 95% confidence interval [CI] 0.961-0.977, P < .001), and in eczema outpatients with history of dry skin, the risk of bacterial infection was 75% of that in eczema outpatients without it (OR 0.750, 95% CI 0.637-0.881, P < .001) ( Table 3) .
After controlling age and history of dry skin, very likely bacterial infection remained associated with disease duration, history of allergic disease, history of flexion dermatitis, especially severe itching, but not with sex, history of infantile eczema, and mild and moderate itching (Table 3) . Clinically very likely bacterial infection had a significant positive correlation with disease duration, history of allergic disease, history of flexion dermatitis, and severe itching. The probability of very likely bacterial infection in eczema outpatients with severe itching was 3 times of that in eczema outpatients without it (OR 3.018, 95% CI 2.056-4.429, P < .001), and in eczema outpatients with history of flexion dermatitis it is 1.9 times of that in eczema outpatients without it (OR 1.922, 95% CI 1.591-2.322, P < .001) ( Table 3 ).
Discussion
Eczema and dermatitis are common skin diseases in dermatology clinics. The present study provides the rare outpatient-based prevalence of eczema and bacterial infection analysis in dermatology clinics of Mainland China.
There are several interesting findings about this study. First, unclassified eczema is still the leading type of dermatitis in dermatology clinics. Second, AD has become the most common type of specified dermatitis in China. And finally, secondary bacterial infection is a common clinical finding in all types of dermatitis and eczema. Our results showed that about one-third of all patients were unclassified eczema (3109 cases; Table 1 ). The first leading subtype of classified eczema was AD (13.4%, 1174/ 9400), indicating that AD is very common in outpatients visiting dermatologic clinic in China, and more attention should be paid to it. Likewise, AD also was the most common type of eczema (29.8%) among children in a Nigerian study. [16] The incidence of AD varied widely, but the prevalence was increasing worldwide, mainly due to industrialization and living environment change. [9] The prevalence of AD in students aged 6 to 20 years was 0.7% in China in 2000, [17] but in 2012, in Shanghai, it had reached up to 8.3% (95% CI 7.6%-9.1%) in children aged 3 to 6 years. [18] Now, we demonstrated that AD has become the leading type of specified dermatitis in dermatology clinics in China, and a population-based epidemiological study on the prevalence of AD, especially in adults, should be performed to prove it.
Bacterial infection, especially S aureus in the eczema, is very common. Our study shows that about half of patients had bacterial infections; this finding is in accordance with the results of our other Table 2 Correlation between latitude and bacterial infection (%). previous study, [19] in which of 54 patients with dermatitis and eczema, the S aureus isolation rate in eczema group was similar to the control group of patients with suspected primary S aureus infections (44% vs 47%; P > .05, chi-square test). Widespread eczema, stasis dermatitis, and AD had the highest bacterial infection rates (65.7%, 61.8%, and 61.4%, respectively; Table 1 ). This may be related to barrier dysfunction of the skin in these diseases. The skin lesions of widespread eczema, stasis dermatitis, and AD mainly manifest as multiple scratch or exudation, which can lead to more direct damage to the epidermal skin barrier, and S aureus can easily penetrate or invade the skin and feed off skin exudates, [12] whereas skin barrier dysfunction and hostmicrobiome interactions might be primary alterations in AD. [20] Another reason is that these 3 diseases affected areas that are relatively large, which also increases the possibility of bacterial infection. This coincided with our conclusion that as the number of involved body locations increases, the bacterial infection rates increased significantly. Bacterial infection rates of acute eczema (71.5%) is much higher than that of chronic eczema (38.6%) (P < .05), but is roughly equal to subacute eczema (68%); this is in agreement with our clinical diagnosis. Another study found that S aureus may invade the skin through barrier defects in acute skin lesions, but the colonization in chronic lesions may be orchestrated through many different factors. [12] Regarding the geographical location, as the latitude became lower and atmosphere warmer, the suspected bacterial infection increased observably (R sus = À0.9, correlation analysis P < .05). The bacterial infection rate in the lowest latitude was significant higher than that in the highest latitude (73.3% vs 58.9%; P < .05, chi-square test). A study from the United States also showed that higher temperature and increased sun exposure were associated with poorly controlled eczema, [21] and they assumed that bacterial infection might make eczema worse. But the bacterial infection rate in latitude 40°01 0 to 45°N was higher than that in latitude 35°01 to 40°N, latitude 30°01 0 to 35N°, and latitude 25°01 0 to 30°N (58.9% vs 45.8%, 45.5%, 44.1%; P < .05, chisquare test). This result was in agreement with another study, which revealed that bacterial skin colonization with S aureus decreases from a frigid zone to a temperate zone, [22] and the low humidity and low temperatures lead to a general decrease in skin barrier function and increase its susceptibility towards mechanical stress. [23] Also, after analyzing the proportion of bacterial infection, we found the eczema in patients of low latitude was less severe than that in patients of high latitude (R sus/tot = À0.9, R ver/ tot = 0.9, nonparametric correlation analysis P = .037; Table 2 ). There seems to be contradiction, mixed in with effect of some other factors besides temperature. The objective being is better economic condition in latitude 35°01 0 to 40°N, latitude 30°01 0 to 35N°, and latitude 25°01 0 to 30°N than that in latitude 40°01 0 to 45°N. It is well-known that the economic and living condition in southern China is better than those in the northern regions [24] ; therefore, in addition to temperature, economic condition might contribute to the lower rate of bacterial infection.
Degree of latitude
To further explore the influence factors of bacterial infection, we conducted the multivariable analysis logistic regression of very likely bacterial infection. The results showed that very likely bacterial infection has a significant positive correlation with disease duration and negative correlation with age (Table 3) . It is known that the amounts of Staphylococcus species are higher on neonatal skin compared with adult skin. [25] Given that infant skin is more hydrated than adult skin, the skin microbiome of newborns resembles the microbiome of moist skin sites in adults. [25] In addition, infant skin is functionally still developing, and the barrier function of newborn skin makes it more susceptible to chemical irritation and local or systemic infections compared with adults. [26] Namely, the skin immune function will be improved within limits with age. Disease duration and bacterial infection are causal relationship on some level, longer disease duration is more susceptible to bacterial infection, and in turn, the infection will extend disease duration.
An interesting finding is that history of dry skin has a significant negative correlation with very likely bacterial infection (Table 3) . Although the normal functioning of the SC can be disturbed in dry, flaky skin conditions, the environment lacking in water and lipid in skin is not easy for bacteria to breed. This result is in agreement with a study that pathogen colonization is limited by the geometry of mature and intact skin layers, low skin water content, low skin pH, resident microflora, antimicrobial surface-deposited free fatty acids, and sphingosine. [27] Beyond that, dry skin makes people uncomfortable and a prompt treatment is required, which may also decrease the chance of infection. This result implies that when we moisturize the uninfected eczema skin, we should be aware of a possible bacterial infection.
Furthermore, our data suggest that severe itching has a significant positive correlation with very likely bacterial infection. Skin integrity and antimicrobial function are both interdependent. The barrier permeability is correlated to the antimicrobial barriers, and most of the defensive skin functions are localized in the stratum corneum. [27] Scratches caused by severe itching directly damage the cuticle, which is bound to increase the risk of infection.
The bacterial infection rates of our study were relatively high, which were associated with our diagnostic criteria, especially the diagnostic criteria of the suspected bacterial infection is very wide. Although we had demonstrated the criteria of very likely bacterial infection were quite reliable, [13] the reliability of our criteria of suspected bacterial infection is still unclear. The other major limitations of this study includes the following: the study was a hospital-based survey, the bacterial infection was only judged by clinical doctors, and bacterial culture was needed to confirm our findings; all of the 15 participating centers were tertiary referral hospitals located in provincial capital or central city, and most patients visiting these hospitals were in a better financial condition and medical insurance than average; and the sample size in the present study was relatively small, considering the total 1.3 billion Chinese population. All these factors may lead to some degree of inevitable selection bias.
Conclusions
In conclusion, this research shows that AD has become a common subtype of dermatitis in China. Secondary bacterial infection is common in many types of eczema and dermatitis. The role of bacterial colonization in these diseases should be studied further.
